Abstract. The aim of the present study was to prepare luteinizing-hormone releasing hormone (LHRH) nanoliposomal microbubbles specifically targeting ovarian cancer cells.
Introduction
Ovarian cancer is the leading cause of mortality compared with all other gynecological malignancies (1, 2) . Ovarian cancer is difficult to be diagnosed at the early stages. Consequently, 80% of patients are already at the intermediate or late stages of ovarian cancer when they present with symptoms. Qualitative and location diagnosis at the early stages of cancer progression is one of the key factors important in improving the survival rate of patients (3, 4) . Currently, the serum biomarkers of cancer antigen-125 (CA-125) and recently identified human epididymis secretory protein-4 (HE4) are used as predictors for ovarian cancer diagnosis (5) (6) (7) (8) (9) . The low specificity of CA-125 and HE4, however, limits their clinical application (10, 11) . With the development of ultrasonic contrast technology, scientists have begun to consider the possibility of applying non-invasive ultrasonic molecular imaging technology (12) (13) (14) in the diagnosis of early stage ovarian cancer. The most critical part of this technique is to prepare a nano-scale targeting microbubble contrast agent. Compared with a micro-scale contrast agent, a nano-scale contrast agent has the ability to penetrate blood vessels and to be visualized by confocal imaging (15, 16) . Low echo reflecting nano-scale contrast agents are able to penetrate the blood vessels, accumulate around the lesion and generate a significantly enhanced signal in the target area with an extremely low background signal (17) . Non-specific microbubble contrast agents do not specifically interact with lesion tissues, which makes these agents unsuitable to be used for targeting. Once in the human body, the majority of microbubbles non-specifically bind to the hepatic sinusoid, the spleen sinus and the vascular endothelial system (18) , so that the microbubbles are trapped in the microcirculatory system and cannot effectively reside in the targeted tissue for a sufficient amount of time, compromising the contrast signal. For efficient targeting in in vivo imaging, it is crucial to develop microbubbles that specifically accumulate and adhere to tumor lesions following injection into the human body.
With the progress in research on tumor-specific antigens and receptor biology, ultrasonic contrast agent targeting of malignant tumors by conjugating tumor-specific antibodies or ligands onto the surface of microbubbles has generated tumor-specific targeting microbubbles (19, 20) . In addition, previous studies suggested that the luteinizing-hormone releasing hormone (LHRH) receptor is overexpressed in ovarian cancer cells, with little to no expression in normal tissues (21, 22) . Based on this evidence, it was hypothesized that by linking LHRH antibodies onto the surface of the nano-microbubble, LHRH nanoliposomal ultrasonic contrast agents targeting ovarian cancer can be prepared ( Fig. 1) (23) . Following penetration of the nano-scale contrast agents into the blood vessels and reaching of their target site, the LHRH antibodies on the surface of microbubbles bind to LHRH receptors in ovarian cancer cells, which results in selective accumulation. This allows for long resident time in ovarian cancer tissue and targeted ovarian cancer imaging at the molecular level by the confocal principle. The present study demonstrated the preparation of LHRH nanoliposomal microbubbles (LHRH-N-Mbs) as ultrasound contrast agents and their in vitro targeting ability of ovarian cancer cells, which provided experimental evidence for specific ultrasound imaging of ovarian cancer at an early stage. Cell culture. The OVCAR-3 cells were cultured in McCoy's 5A medium containing 10% heat-inactivated fetal calf serum at 37˚C and incubated in 5% CO 2 . Cells were split every 4-6 days and experimental cells were in the log-growth phase.
Materials and methods

Materials
Preparation of non-targeting nanoliposomal microbubbles (N-N-Mbs)
. DPPC and DSPE-PEG-Biotin were mixed in a 5 ml plastic tube to form a suspension. Following lyophilization, 1 ml of hydration solution [glycerin, phosphate-buffered saline (PBS)] was added to the samples to rehydrate them and then C 3 F 8 gas was slowly injected into the container to replace the air. Samples were then agitated using a horizontal reciprocating ultrasonic mechanical vibrator for 90 sec to form a milky white solution. Following separation at 4˚C, the bottom layer was discarded and the milky white upper layer was collected following washing with PBS three times. The upper layer was then added to 1 ml of PBS to obtain non-targeting nanoliposomal microbubbles. Following radiation sterilization by 60 Cogγ-ray (Sinotex CX, Shanghai, China), microbubbles were observed by optical microscopy to detect the morphology and particle distribution. Particle size range and the surface potential were measured by a zeta detector (Zeta sizer 3000HSA; Malvern Instruments Ltd., Worcestershire, England).
Preparation of LHRH-N-Mbs.
The prepared N-N-Mbs (100 µl; 1x10 8 /ml) were mixed with saturated biotin (100 µg) in an ultrasonic agitating reaction for 30 min. Following centrifugation at 50 x g for 5 min, the bottom layer was discarded. The upper layer was washed with PBS three times and then collected as LHRH-N-Mbs. Following sterilization, the same methods were applied to assess the physicochemical properties of the LHRH-N-Mbs.
Determination of LHRH binding onto the LHRH-N-Mb
surface. Rhodamine-conjugated secondary antibodies (1:100 w/v) were added to 100 µl LHRH-N-Mb or 100 µl of N-N-Mb suspension containing avidin. The two groups were incubated at 37˚C for 30 min, washed and observed under a fluorescence microscope (CKX41; Olympus, Tokyo, Japan) or analyzed by flow cytometry (Beckman Coulter XL; Beckman Coulter, Miami, FL, USA) to assess the binding rate.
In vitro targeting experiment. OVCAR-3 cells (5x10 4 /ml) were incubated with LHRH-N-Mb (1x10 8 /ml) at room temperature for 30 min prior to washing to remove free microbubbles (final volume 5 ml). The binding between cells and LHRH-N-Mbs was observed under a light microscope (Olympus). of two independent samples. P<0.05 was considered to indicate a statistically significant difference.
Results
Physicochemical properties of N-N-Mbs and LHRH-N-Mbs.
The suspensions of the microbubbles in PBS appeared to be milky white. Light microscopy revealed that the microbubbles were uniformly distributed with no visible aggregation. A single microbubble was round following sterilization. As shown in Figs. 2 and 3 , the particle size ranged from 295-468 nm with a mean of 360 nm for N-N-Mbs, or 369-618 nm with a mean of 508 nm for LHRH-N-Mbs. The surface potential in the two groups was the same (-14.6 mV). As shown in Fig. 4 , following being kept at room temperature (20-25˚C) for 14 days, LHRH-N-Mbs appeared round, evenly distributed and showed no signs of aggregation. No significant difference was identified in particle size nor potential compared with those of freshly prepared LHRH-N-Mbs (P>0.05). Following being kept at room temperature for 17 days, however, the shape of the microbubbles altered and they became uneven.
Surface LHRH binding rate of LHRH-N-Mbs N-N-Mbs bind to biotinylated LHRH antibodies via their biotin-avidin connection.
Following LHRH-N-Mbs being washed four times, bright fluorescence was observed using fluorescence microscopy. The fluorescence diminished following further washing. Flow cytometry data demonstrated that the binding rate between LHRH-N-Mbs and the secondary antibody was 75.6% (Fig. 5) . The binding rate between the secondary antibody and N-N-Mbs containing avidin was 0.83% (Fig. 6) , which was significantly different from that between LHRH-N-Mbs and the secondary antibody (P<0.05). Little to no fluorescence was detected for the N-N-Mbs incubated with the secondary antibody by fluorescence microscopy.
In vitro targeting experiment. Following cells being incubated with LHRH-N-Mbs, LHRH-N-Mb was adherent to the surrounding OVCAR-3 cells and formed a rosette-like structure as observed under the light microscope (Fig. 7) .
Blocking experiment. Following OVCAR-3 cells being pre-incubated with LHRH antibody, no binding between LHRH-N-Mbs and OVCAR-3 cells was observed and no rosette formation was detected (Fig. 8 ).
Discussion
Patients with ovarian cancer (80%) are diagnosed at the intermediate or late stages of the malignancy (3, 4) , which is one of the key factors contributing to the high mortality rates of ovarian cancer. Targeted ultrasound molecular imaging technology (12-14) makes early, qualitative and location diagnosis of ovarian cancer possible. In the present study, the preparation and characterization of a nano-microbubble contrast targeting agent, which is the key component of ultrasound molecular imaging, was investigated.
In the present study, N-N-Mbs and LHRH-N-Mbs for targeting ovarian cancer cells were generated using lyophilization/sonication and the biotin-avidin bridge method (24, 25) . The particle size ranged from 295-468 nm with a mean of 360 nm for N-N-Mbs, or 369-618 nm with a mean of 508 nm for LHRH-N-Mbs. It was hypothesized that the biotinylated LHRH antibody may occupy a certain space, which would lead to a larger size of LHRH-N-Mbs. The in vitro targeting experiments suggested that OVCAR-3 cells highly expressing LHRH receptors efficiently bind to LHRH-N-Mbs and form a rosette-like structure. Importantly, following OVCAR-3 cells being pre-incubated with biotinylated LHRH antibodies, which blocked the interaction of receptors with its ligands, no binding of LHRH-N-Mbs to OVCAR-3 cells was observed and no rosette formation was detected, suggesting that LHRH-N-Mbs specifically bind to OVCAR-3 cells through the interaction between the biotinylated LHRH antibody and the LHRH receptor.
Whilst the size of LHRH-N-Mbs is slightly larger than that of N-N-MBS, they remain within the nanometer scale and are smaller than the vascular endothelial gap (16, 26) . Following penetration of the nano-scale contrast agent into the blood vessels and reaching its target site, it binds to ovarian cancer cells through the LHRH receptor-antibody interaction, which leads to an extended residing time in the targeted tissue and organs. As low echo-reflecting nano-particles selectively accumulate at the target area with long residual time, nano-particles are able to produce a significantly enhanced signal at the target area and show an extremely low background noise, making LHRH-N-Mbs an ideal contrast agent at the molecular level. Adaptation of this molecular imaging technology would markedly improve the accuracy and resolution of early stage ovarian cancer diagnosis. Furthermore, the physicochemical properties of LHRH-N-Mbs did not significantly change even following being stored at room temperature for half a month, suggesting it is stable. This feature further suggests the use of this contrast agent in future in vivo experiments.
In terms of in vitro experiments, the use of LHRH-N-Mbs has less interference factors, differing from the complications of in vivo studies. The first challenge of in vivo experiments is the low concentration of the contrast agent due to the dilution in the blood. In addition, the contrast agent faces shear stress (27, 28) in the circulatory system, phagocytic immune response and other harsh conditions (18, 29) . Therefore, the efficient and specific targeting of LHRH-N-Mbs in an in vivo setting, to a large extent, relies on the amount of LHRH antibodies in the LHRH-N-Mbs and the conjugative strength between the antibody and the microbubble.
The interaction between biotin and avidin is highly specific and the high affinity binding is not affected by the dilution of the reagent, which minimizes the nonspecific effect in the practical application. The binding of biotinylated antibody and avidin is quick, specific and has no effect on the antibody activity. The antibody and avidin complex is also stable as it cannot be washed off during the incubation and washing steps nor in an organic solvent (24, 25, 30, 31) .
In the present study, LHRH-N-Mb was prepared by linking a biotinylated LHRH antibody to N-N-Mbs containing avidin. Despite repeated washing, the flow cytometry data demonstrated that the binding rate between the secondary antibody and LHRH-N-Mb was 75.6%, while the binding rate between N-N-Mb containing avidin and the secondary antibody was only 0.83%. As the same amount of avidin was added to LHRH-N-Mbs and N-N-Mbs, this ruled out the possibility that more binding between the secondary antibody and the microbubble was due to more avidin. These data convincingly suggest that biotinylated LHRH antibody, instead of avidin, binds to the secondary antibody. This strong interaction provides an important basis for future in vivo applications.
Numerous problems of targeting nano-microbubbles remain, including the complexity of the preparation (32), the stability in the blood and the induced immune response (33) , which require further investigation. However, with improvements in technology, ultrasound molecular imaging targeting technology, a non-invasive detection method for early stage cancer diagnosis, possesses great application potential.
